Objectives. To determine if immediate pain response following an injection with local anesthetic and corticosteroid predicts subsequent relief.
Introduction
The sacroiliac joint (SIJ) is a potential source of low back and buttocks pain [1, 2] . SIJ injections are frequently utilized for diagnostic and therapeutic purposes, even despite the literature reporting only relatively modest success rates from this procedure [3] . The low success may be due in part to the relative difficulty in making a correct diagnosis of SIJ pain. Aside from cases of spondyloarthropathy-related sacroilitis or SIJ trauma, there is little correlation between SIJ pain and changes seen on imaging. While there are no specific historical factors predictive of SIJ pain as defined by positive response to block [4] , physical exam maneuvers can aide in making the diagnosis [5] . Such exam maneuvers have been shown to predict response to a single diagnostic injection of anesthetic into the SIJ [5] . It is unclear whether image-guided injection of anesthetic into the intra-articular diagnostic SIJ accurately predicts positive responses to a corticosteroid injection into the SIJ [3] . Therefore, the aim of this study was to determine if, after a local anesthetic and corticosteroid injection into the SIJ, the immediate relief potentially attributable to anesthetic predicts subsequent pain relief attributable to the corticosteroid.
Even more, the study aimed to add further insights into meaningful ways to interpret the degree of immediate relief obtained during the anesthetic phase and how this may be correlated to outcomes at two to four weeks. As some have articulately explained, a true anesthetic response to an injection should be expected to be 100% relief of pain [6] . However, in practice many consider other amounts of relief after administration of anesthetic to constitute a positive block. In theory, there are reasons that 100% relief may not occur, even if a painful structure is anesthetized. For instance, the sacroiliac joint complex is a structure that includes both intra-articular and extra-articular structures, all of which can potentially cause pain but also have differing innervations [7, 8] . Accordingly, this study aimed to evaluate how varying amounts of relief during the anesthetic phase correlated with both pain and functional outcomes at follow-up for those with suspected posterior pelvic pain.
Methods
The Institutional Review Board at Stanford University (PROTOCOL #31227) approved this prospective study, and all subjects were enrolled from this single academic medical center. Physicians with board certifications in either physical medicine and rehabilitation or orthopedic surgery who worked in a spine care center referred patients for SIJ steroid injections based on clinical evaluation. All subjects had to have functionally limiting pain suspected to have originated from the SIJ that rated 4 or higher 10 on the 0-10 numeric rating scale (NRS). (See Table 1 for full inclusion/exclusion criteria.) Of note, to be eligible for an injection, patients had to have failed conservative care consisting of therapy and medications at a minimum. Patients were offered enrollment in the study on the day of the scheduled SIJ injection. All eligible patients were offered SIJ injection regardless of decision to participate in the study.
Prior to the injection, patients were interviewed and examined in the preoperative area. All patients underwent a standard examination by an independent medical doctor that included the following maneuvers: flexion abduction external rotation (FABER), thigh thrust, Gaenslen's test, sacral distraction, lateral compression, and sacral thrust. These specific tests were chosen based on the preponderance of literature regarding their sensitivity and specificity for SIJ pain [4, 5] . Pre-injection pain score on 0-10 on the NRS was recorded during these maneuvers, as well as baseline Oswestry Disability Index (ODI). All injections were performed in an outpatient surgical center by one of four pain or interventional spine fellowship-trained physiatrists with or without trainee involvement. Injections were done in accordance with current Spine Intervention Society (SIS) guidelines [9] . After proper needle placement within the SIJ was confirmed using real-time fluoroscopy and contrast dye, a 2 cc mixture of 1 cc of 2% lidocaine and 1 cc of triamcinolone 40 mg/mL were injected. (See Figure 1 as representative of SIJ injection.) No patients required intravenous sedation for this procedure, and none were given oral pain medications or anxiolytics in the periprocedure time frame. The same physician who performed the screening examination re-examined patients in the recovery area approximately 10 to 15 minutes after the procedure using the same examination maneuvers as done preoperatively. Postinjection NRS pain score with the same six provocation maneuvers was recorded. Patients were then followed up in clinic two to four weeks after injection. At this standard follow-up visit, an independent research coordinator who was not involved with the injection or clinical care obtained the NRS and ODI. No changes in patient care were made between the injection and the follow-up.
Data were calculated by defining categorical outcomes based on percentage of pain relief obtained. Associated 95% confidence intervals of a proportion were also reported. Data were subsequently organized into 2Â2 tables that categorically defined positive and negative responders both immediately after injection and at two to four weeks of follow-up (Table 2) , with 100%, 80% or greater, and 50% or greater improvement immediately after injection all independently evaluated as positive response to the anesthetic. Various outcomes were considered in defining a successful outcome at two to four weeks based on published minimal clinically important difference valued, including 100% pain relief, 50% or greater improvement in NRS [10] , an improvement of two or more points on NRS defined as the minimally clinically important change (MCIC) [11] , 30% or greater improvement in ODI [12] , an improvement of 12.8 or more points in ODI [13, 14] , and an improvement of 15 or more points in ODI [15] . Based on this, positive and negative likelihood ratios were calculated accordingly (Tables 3 and 4) .
While sensitivity and specificity are easily calculated with a 2Â2 table for any test, likelihood ratios have more clinical utility. Importantly, likelihood ratios confer external validity as they are not affected by disease prevalence; 95% confidence intervals were also calculated.
Results
A total of 29 consecutive subjects were approached for the study. Three declined to participate, and thus 26 were consented and enrolled. One subject was withdrawn immediately due to inability to definitively access the SIJ using live fluoroscopy. Of note, this patient did have an injection that resulted in 100% pain relief noted at two-week follow-up; however, the patient was later diagnosed with ankylosing spondylitis. The remaining 25 subjects (see Table 5 for demographics) had fluoroscopically confirmed injections of anesthetic and corticosteroid into the SIJ joint.
When combining all subjects, 11 of 25 (44.0%, 95% CIþ/À19.5%) patients had immediate 100% relief after the injection. When considering 80% or greater or 50% or greater relief after anesthetic block, the numbers increased accordingly to 13 of 25 (52%, 95% CIþ/À19.6%) and 18 of 25 (72%, 95% CIþ/À17.6%), respectively. At two to four weeks of follow-up, the percentage of subjects obtaining 100% relief was only four of 25 (16%, 95% CIþ/À14.4%). However, eight of 25 (32.0%, 95% CIþ/À18.3%) obtained 50% or greater improvement in NRS, and 17 of 25 (68.0%, 95% CIþ/À18.3%) achieved 2 or higher out of 10 points on the NRS.
Similar numbers were found for functional outcomes as defined by the ODI at two to four weeks of follow-up; 2Â2 tables have been provided that report categorical results for anesthetic response as well as relief at two to four weeks, as defined by various thresholds for improvement in pain and function (Table 2 ).
Positive and negative likelihood rations were also calculated (Tables 3 and 4 ). The highest positive likelihood ratios were for 100% anesthetic response and 100% relief at two to four weeks (þLR 3.00, 95% CI ¼ 1.4-5.1) and 50% or greater improvement in NRS at two to four weeks (þLR 2.6, 95% CI ¼ 1.1-5.9), with confidence intervals both exceeding 1.
The lowest negative likelihood ratios were for 100% anesthetic response and not achieving 100% relief at two to four weeks (-LR 0.0, 95% CI ¼ 0.0-2.1) and 50% or greater improvement in NRS at two to four weeks (-LR 0.4, 95% CI ¼ 0.1-1.2). 
Predicting Response to Sacroiliac Joint Injection

Discussion
We believe this study is the first to fully evaluate the predictive value of an immediate response to an imageguided injection into the SIJ with a local anesthetic and corticosteroid in predicting a delayed response two to four weeks after the injection. It was clear that if subjects failed to achieve an initial block they were very unlikely to achieve significant pain relief at follow-up. The absolute value of all negative likelihood ratios in this study ranged between 0 and 0.9. Regardless of how positive anesthetic response was defined, 50% or 100%, the negative predictive value of this for 100% relief at two to four weeks was 0, and for 50% relief was 0.4 (Table 4) . Conversely, of those reporting 100% pain relief immediately, 54.5% (95% CIþ/-29.4%) reported at least 50% pain relief at follow-up, corresponding with a positive likelihood ratio of 3 (95% CI ¼ 1.4-5.1). This study demonstrated strong negative likelihood ratios of failing to achieve relief with anesthetic and then failing to achieve relief at two to four weeks, regardless of how this was defined. Significant positive likelihood ratios of anesthetic response to SIJ injection as they relate to relief at two to four weeks were limited to 100% or 50% improvement in NRS at two to four weeks.
The overall rate of positive responders at two to four weeks was relatively low in this study, with only 16% subjects having 100% pain relief and/or an improvement of 15 or more points in the ODI. However, 32.0%, achieved 50% or greater improvement in NRS at two to four weeks, while 36.0%, reported 30% or greater improvement in ODI. These numbers are relatively consistent with the published rates of success from a corticosteroid injection into the SIJ [3] . However, if only subjects who had an initial positive response were evaluated, the percentage of achieving 50% or greater pain relief at two to four weeks rises to 54.5%, which is higher than results typically reported.
Another added question is the required degree of relief to be considered a positive block. In theory, more stringent definitions of a positive anesthetic response will decrease the number of false positives and subsequently increase the positive likelihood ratio. The data in this study generally reflect this trend. When comparing outcomes based on initial pain relief, the 100% immediate response yielded a higher likelihood ratio than the 50% anesthetic response for all outcomes measured (Table 3) .
By extension, if one is inclined, pretest odds and posttest odds can also be calculated. For example, for 100% anesthetic relief and 100% relief at two to four weeks, the pretest odds of a patient responding to steroid are 4:21, and with a likelihood ratio of 3, knowing the anesthetic response increases the post-test odds to 12:21.
In theory, a lower diagnostic threshold should result in fewer false negatives and decrease (strengthen) the negative predictive value. Interestingly, this was not the case. If analyzing the subset of subjects who achieved 100% pain relief at follow-up, both subjects with 100% and 50% or greater anesthetic response yielded strong negative LR (0.0, 95% CI ¼ 0.0-21, and 0.0, 95% CI ¼ 0.0-4.3), respectively ( Table 4 ).
The calculation of positive and negative predictive values is affected by disease prevalence. However, other available studies did report on how many failed to achieve success with an anesthetic injection, and because of this we are unable to extrapolate likelihood ratios for comparison. For reference, in our study the positive predictive value of 100% anesthetic value and 100% NRS relief at two to four weeks was 36.3%. This is relatively lower than other studies, with one study reporting a value as high 100% [16] , though other studies report values of 42.9% and 66.7%. [17, 18] .
A study by Borowsky is the only study that closely mirrors the design of this study [19] . Not surprisingly, the results are similar. In the study, a positive anesthetic response was considered 75% or greater relief after intra-articular injection with steroid and anesthetic; 42.5% of subjects had a positive response to the anesthetic phase. Of all patients, only 27.5% of subjects had 50% or greater relief at three weeks [19] . This same study also investigated injection into the SIJ and posterior ligaments and provided data allowing for calculation of a Positive Predictive Value (PPV) for this, which was 44% [19] .
The information from this study potentially adds insights into the value of a screening diagnostic injection in those suspected of having SIJ pain. Some argue that a preliminary diagnostic injection in this population is ideal [20] given the relatively low prevalence of SIJ pain [21] , combined with the difficulty in making the diagnosis [4] and the known potential adverse effects from corticosteroid injections into the SIJ [22, 23] . The goal of the diagnostic injection in this paradigm would be to avoid the subsequent corticosteroid injection and its potential side effects [24] . A specific example would be the adverse effects of corticosteroids on bone density [25] . Given that SIJ prevalence increases with age [26] , as does osteoporosis [27] , this may be a patient population in which one would try to avoid excessive corticosteroid dosing. Given the results of this study, specifically the strong negative likelihood ratio of failed initial response, a negative diagnostic anesthetic-only injection in such a population would allow the physician to avoid exposing this patient to steroids altogether.
However, other factors must clearly be considered regarding interventional procedures. First, while there is a risk associated with corticosteroids, there is also a risk from the procedure itself, such as bleeding and infection. These risks would clearly be increased if all patients who could respond to the corticosteroid were required to have an additional screening injection. This risk calculation for significant adverse effects between these two approaches would be challenging given the relatively low rate of complications from this procedure. Additionally, the costs of the injection combined with an added inconvenience to the patient with a block paradigm are substantial and valid concerns. In the United States, the cost to the patient and the system is essentially the same if patients receive anesthetic only, or anesthetic and a corticosteroid concurrently. This simple fact alone steers most physicians in the United States toward a single injection.
While exam maneuvers were performed pre-injection, the results of such maneuvers were not used as inclusion or exclusion criteria. This likely closely mimics typical practice patterns.
After clinical diagnosis of SIJ pain, 11 of 25 (44.0%, 95% CIþ/-19.5%) subjects noted complete relief immediately following the injection. In another study, patients with buttocks pain received an injection with anesthetic only into the SIJ, and only 16 of 48 (33.3%) had at least 80% relief [5] . However, the presence of a combination of positive exam maneuvers was 94% sensitive and 78% specific for identifying these 16 patients [5] . In other words, more rigorous patient selection results in higher rates of positive anesthetic responses. Not surprisingly, another study by Slipman et al. preselected patients for SIJ injection based on positive response to at least three physical exam maneuvers consistent with SIJ pain and found that 30 of 50 (60%) had 80% or greater relief after injection of anesthetic and corticosteroid [28] . Unsurprisingly, our rate of positive response fell between the study that only considered buttocks pain (33.3%) and the study with rigorous exam criteria (60%).
The study also analyzed subjects based on the response to a single block. Single injections have been shown to have high false positives, ranging between 30.6% and 53.8% [5, 15, 17, 18] . Using a dual block paradigm, studies have shown that only 10% of patients have at least 80% relief [29] while 45% experience at least 50% relief [30] . Based on these results, it is likely that some subjects in this study had a false positve anesthetic response, a potential reason that the positive likelihood ratios were not more robust.
The study is limited by the follow-up of two to four weeks. Subjects might have either a false positvie repsonse at two to four weeks or simply relief that does not remain durable. Longer follow-up might allow for better determination of success rates of the corticosteroid injections in subjects with confirmed pain.
Another valid concern is the relatively low volume of the SIJ, which has been shown to typically only have a volume of less than 2.5 mL [1] . By mixing a corticosteroid with an anesthetic, only 1 cc of 2% lidocaine was Additionally, this study was designed to evaluate immediate and delayed response after an injection. Based on the pharmacokinetics of the medications used, the immediate response was presumed to be due to the lidocaine while the delayed response would be due to the corticosteroid. This, however, is an assumption as other nonspecific factors might influence the response.
Lastly, while the study was not designed to evaluate the effectiveness of an injection of a corticosteroid and anesthetic into the SIJ, it did report outcomes for patients undergoing this procedure. While the overall rate of 100% pain relief at two to four weeks was relatively low at 16%, the percentage of those obtaining 50% or greater improvement was 32.0%, and 68.0% achieved pain reduction of two or more points on the NRS. Similar results were found with functional status, as reported by the ODI. This should be noted that these modest results were for all subjects suspected of having SIJ pain and were clearly higher when considering only those who had a positive diagnostic block. These results are generally consistent with the results of the literature as a whole regarding injections into the SIJ joint. While these results are modest at best, they are significantly higher than any reported outcomes from noninvasive conservative care on patients with confirmed SIJ pain [31] . Even more impressive is that all of the subjects in this study were selected after having failed conservative care, thus adding some justification for this procedure for at least short-term pain relief. Clearly longer-term follow-up in patients with confirmed SIJ pain would allow for better determination of success rates of corticosteroid injections into the SIJ pain.
Conclusions
Patients who fail to achieve initial relief after SIJ injection with anesthetic and steroid are very unlikely to achieve significant pain relief at follow-up; negative likelihood ratios in this study, based on how success is defined, range between 0 and 0.9. Clinically significant positive likelihood ratios of anesthetic response to SIJ injection are more limited and less robust. Fifty percent relief and 100% relief at two to four weeks, as predicted by 100% anesthetic response, have þLR of 3.0 (95% CI ¼ 1.4-5.1) and 2.6 (95% CI ¼ 1.1-5.9), respectively.
